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INTRODUCTION’ 

When  we  wish  to  learn  something  about  the  physiological  phenomena 
of  plants,  we  usually  adhere  to  the  following  method:  On.j  of  the  external 
factors  to  which  the  planta  are  sensitive  is  varied  while  all  other 
factors  are  kept  constant;  the  plants  respond  with  particular  reaotions. 

A  study  of  this  type  alas  at  following  the  course  of  these  phenomena  end 
drawing  conclusions  from  the  results  regarding  the  essence  of  plant-  . 
physiological  phenomena. 

In  the  prosont  study  the  external  factor  is  fresh  air.  and  it  is 
varied  by  the  addition  of  a  small  amount  of  ethylene  gas. 

^Plants  are  extraordinarily  sensitive  to  ethylane,  the  most  harmful 
component  of  illuminating  gas.  and  the  changes  brought  about  by  this  gas 
-o  highly  varied.  We  intwadto-em— Ime.  in. detail,  two  of  these  influent 
cej  c-f  ethylene ,, 

a)  The  decrease  of  the  longitudinal  growth  of  sprouts  of  Arena 
satlva;  and* 

b)  Xh«  horizontal  growth  of  the  otherwise  vertically  growing 
sprouts  of  viola  faba.  v)  ^ 

CHAPTER  I 

1.  General  Literature  Review 

On  examining  the  literature  relating  to  the  damages  inflicted  on 
the  growth  of  plants  by  illuminating  gas  or  ethylene,  we  do  not  obtain 
a  uniform  picture.  We  find  either  the  description  of  more  or  less  strong 
inhibitions,  or  the  Injury  is  not  a  pronounced  on«v  or  the  plants  are 
stimulated.  The  sensitivity  greatly  fluctuates  with  the  different  species, 
with  the  stages  of  growth,  and  with  the  authors  performing  the  experiments. 

Agrlculturo  was  at  first  concerned  with  damages  caused  by  illumi¬ 
nating  gas;  the  earliest  researchers  (Qlrardln  1364;  Virchow  1870;  Kny  1871; 
Spaeth  and  Mayor  1373)  investigated  trees  on  the  street.  Kny  already 
reported  on  the  differing  sensitivity  of  different  speoies;  Speath  and 
Keyor  reported  that  the  influence  of  the  gas  is  most  damaging  during  the 
growth  stage,  leading  at  that  time  to  a  falling  of  leaves  and  ths  death 
of  cambium. 
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kioanor  (1878)  studied  the  influence  of  light  and  gravity  on 
i-.-.^colus  sprou .  As  a  light  source  he  used  a  gas  flame  vhich  ho  burned 
continuously.  It  turnod  out  that  the  plantlets  exhibit  a  differ ont  Conner 
of  bending  to  light,  according  to  whether  it  is-  .  the  front-  or  the 
back  side  that  bends  (the  front  side  is  where  the  seed  of  the  sprouts  is 
locatod).  Thus  the  sides  oxhibit  different  growth  capacities;  the  tendency 
exists  to  grow  away  free  the  soed:  In  the  beginning  the  front,  side  grows 
factor,  then  tho  back  side  catches  up  so  that  the  sprout  beooais  ereot,  then 
iho  front  side  again  grows  faster;  finally  a  wavo-liko,  horizontal  growth 
sots  in  which  Wiosnor  called  "undulating  mutation."  Already  Sachs  (Lehrbuch 
c ,  -otanlk  (Toxtbook  of  Botany),  4th  Ed.,  18?4,  pp  828-829;  mentioned 
nutation.  in  discussing  this  concept  which  was  created  by  him.  The  phono- 
mcnon  nay  be  scon  also  in  Vicia  faba,  Pisum  sativum  and  other  speoios. 
According  to  VJiesner  the  oause  of  this  phenomena  is  to  be  attributed  to 
unfavorable  growth  conditions. 

Noljubou  (1901;  1911)  was  able  to  show  that  this  was  not  the  case. 

Ho  found  that  impure  air,  particularly  small  dosos  of  illuminating  gas, 
had  a  role  to  play;  he  did  not  believe  in  the  existenoo  of  an  autonomous 
nutation;  according  to  his  concepts  illuminating  gas  is  supposed  to  load, 
in  tho  plants,  to  a  geo tropic  conversion  whereby  the  negative  geotropism 
changes  into  a  transverse  one.  It  is  immaterial  from  vhich  position  of 
tho  plant  one  starts  out;:'  -  according  to  him  the  sprout  always  appears 
horizontally,  thus  bohaves  like  a  lateral  root. 

Richter  (1903-1910)  continues  to  build  on  Wiosner's  ideas.  An  auto¬ 
nomous  nutation  supposedly  appears  when  the  gas  weakens  the  negative  geo- 
tropisn.  Under  normal  circumstances  the  geotropism  suppresses  the  nutation. 
As  a  proof  of  his  views  against  those  of  Neljubow,  he  brings  up  that 
tho  apreuts  always  grow  away  from  the  seeds,  Independently  of  their 
position.  Tho  came  nutation  occurs  when  Richter  eliminates  the  negative 
geotropism  in  normal  plants  by  means  of  a  clinoatat. 

Knight  and  Crookor  (1913)  determined  the  gas  oonoontration  at  vhich 
tho  absve-montionod  phenomena  still  occur  in  Pisum .  Ethylene  is  found 
to  bo  the  cost  off cotivo  gas;  already  0.0001$  is  effective.  They  further 
investigated  tho  dnmagos  caused  by  tobacco  smoke  on  the' basis  of  the 
esiporinents  of  Kolisch  (1911),  and  concluded  that  even  in  that  case 
othylona  was  probably  the  most  harmful  factor.  The  gas  influence  consists 
of  throe  parts  ("  triple  response  ")s 

1)  Inhibition  of  longitudinal  growth; 

2)  Stimulation  of  transverse  growth;  and 

3)  horizontal  nutation  in  the  growing  zone. 

Further  wo  must  mention  the  exhaustive  but  experimentally  unsatis¬ 
factory  work  of  Sorauor  (1916);  he  placed  his  experimental  pi  raves  into  a 
room  in  which  a  gas  flame  is  burned  continuously.  He  thon  compared  the 
great  damages  vhich  set  in  with  those  which  have  been  brought  about  by 
lack  of  oxygen.  He  found  some  agreement,  and  as  Sorauer  father  believed  to 
have  been  able  to  deteot  transpiration-  and  assimilation  inhibitions  which 
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in  his  opinion  .'ppenr  ao  a  conscquor.co  of  oxygon  shortage,  he  concluded 
that  nil  d.v.agca  ccunou  by  gas  are  to  bo  attributed  to  phonoaena  which  had 
been  .—scribed  as  consequsncos  of  oxygon  shortage.  His  study,  howevor, 
refers  to  lasting,  aeveiq  honce  complicated  gas  damages  whioh  o..nnot 
without  further  considerations  be  compared  with  the  results  of  other 
studios. 

Subsequently  the  work  of  Wohaer  (191?-191b)  was  published,  dealing 
wiu.  iilu-ln-bin^-gus  d-magus  I.,  different  groups  of  plants. 

The  oarlior  authors  almost  always  obsorvod  more  or  loss  pronour.ood 
grovrth  inhibition.: .  A  stimulating  influence  of  ethylono  on  growth  is  only 
discovered  when  working  with  quite  dsfinite  gas  concentrations;  like  many 
poisons,  ethylene,  too,  acts  as  a  stimulant  when  present  in  very  low 
amounts. 


A  frequently  occurring  stimulation  phenomenon  is  the  epinastio 
bending  of  grown  leaves  under  the  influence  of  illuminating  gas  or  ©thyler.o. 
Vacht^.-  (1905)  was  the  discoverer  of  thin  phenomenon.  Molisch  (1911)  do- 
moustratoU  its  occurrence  in  plants  exp  >.;ed  to  the  effeot  of  tobacco  smoke, 
and  IVjubt  (191?)  has  shown  it  in  the  ca  >*  of  many  plants  under  the  influence 
of  illuminating  gas:  Sohwars  (1927)  communioatos,  in  addition,  that  the 
sane  phenomena  Set  in  aftor  3  hours*  stay  in  water  at  a  temperature  of  35°C. 
Further,  by  placing  mark3  on  the  leaf  stalk  she  was  able  to  ascertain  that 
the  epinasty  is  a  growth-  and  not  a  variation  movement. 

The  host  investigation  of  epinasty  caused  by  ethylene  was  carried  out 
by  Crocker,  Zimmerman  and  Hitchcock  (1932).  Many  plants  were  tested  for 
their  consitlvity;  only  3 6i>  displayed  a  clearly  pronounced  epinasty.  The 
phono ..-non  was  filmed  with  a  tomato  plant;  it  was  found  that  the  nutations 
and  sleep  movements  of  the  leaves  ceased  in  ethylene;  a  certain  rigidity 
set  in.  The  extent  to  whioh  geotropism  participated  in  the  epinasty  was 
thoroughly  studied; under  oli restating  around  a  horizontal  axis  only  40$ 
of  the  epinasty  remained,  but  it  subsisted  in  each  case.  Apparently  geo— 
tropism  ha?  a  predominant  part  in  the  deYeiopcnent  <■  T  hbo  phanomsuuu.  but 
it  is  not  the  sole  determining  factor;  internal  factors,  too,  play  a  role. 
The  same  holds  true  also  for  the  horizontal  growth  of  sprouts. 

A  third  series  of  phenomena  has  become  known  through  the  require¬ 
ments  of  technology.  In  the  US  the  extraordinary  sensitivity  of  plants 
to  ethylene  is  utilised  in  many  ways .  Since  a  good  review  was  published  a 
short  t lr.9  ago  (Mack  and  Livingstone,  1933).  At  will  suffice  here  to  give 
only  a  brief  resume.  It  was  found  that  small  amounts  of  ethylene  are  able 
to  shorten  the  rest  period  of  plants  to  a  considerable  extent,  and  that 
in  ethylene  the  time  necessary  for  the  ripening  of  picked  fruit  is  signi¬ 
ficantly  shorter  (Chace  and  Deuny  1924;  Lenny  1924a:  Wolfe  1931)*  To  this 
must  bo  added  that  breathing  is  always  more  intensive,  and  perhaps  it  may 
be  concluded  q-  .  j  generally  that  an  accelerated  metabolism  is  taking  plaoe 
(E.K.  i.urvey  .  ;  Denny  1924b;  neCoimbal.  t’«*eha  and  R.B.  Karvey,  1J27 ■ 

Mack  192?;  Lavas  and  Church  1931;  Mack  and  Livingstone  1933) 

:.j  was  air  car  '  mentioned,  ethylont  shortens  tho  res  pa  icds;  a 
quo..-  particular  case  it  the  accel^rat n  of  the  development  of  runners 
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iii  potato  zubors  (Vacha  and  R.B.  Harvey  1927).  Sthylene  was  not  always 
thf  nest  oi'fectivo  agent  (Denny  1,  .6);  often  C2H4  compounds  showed  better 
results.  R.B.  Harvey  (1925)  and  Mack  (1927)  reported  that  celery  becomes 
whiter  in  ethylene. 

Very  interesting  is  the  exhaustive  work  of  Rossi  (1933).  He  found 
that  a  treatment  with  ethylene  shortens  the  time  necessary  for  the  fermen¬ 
tation  ar.d  crying  of  tobacco  leaves;  the  amount  by  which  the  time  was  short¬ 
ened  was  4C$.  He  assumed  that  the  effect  of  ethylene  is  limited  to  a  stimu¬ 
lation  of  the  enzymatic  processes.  In  his  opinion  in  this  process  the  cell 
plasma  is  stimulated.  The  quality  of  the  tobacco  remains  completely  un¬ 
changed. 

On  the  basis  of  the  phenomena  known  so  far  we  are  by  no  means  able 
as  yet  to  analyze  the  effect  of  ethylene  on  plants;  I  think,  however,  that 
there  is  at  least  one  hint  in  this  regard:  many  times  there  were  observed, 
under  the  influence  of  ethylene,  certain  growth  changes.  Since  P.W.  Went 
(2$G8)  has  established  the  close  relationship  between  growth  and  growth- 
cubs  banco  content,  it  appeared  interesting  to  investigate  the  Influence 
of  the  gas  from  this  point  of  view. 


It  is  not  necessary  to  go  into  the  history  of  the  discovery  of 
the  growth  substance,  in  detail,  since  many  reviews have  already  been  published 
on  this  subject  (F.W.  Went  1928;  Kos  tyts chew-Went  1931;  Bu  Buy  and  Nuerrw 
borgk  1932). 

Boysen  Jensen  (1913)  and  Paal  (1919)  detected  the  existence  of  a 
cubstanco  which  is  responsible  for  photo tropio  bending.  This  discovery 
was  elaborated  by  Cholodny  (1927),  F.W.  Went  (1928)  and  Dolk  (1930)  to 
their  well-known  growth-substance  theory  of  tropism. 

In  ortho tropio  plant  parts  there  exists  a  basipetal,  all-sided 
transport  of  growth  substance  that  is  unilaterally  deflected  by  light  or  . 
gravity  (collectively  referred  to  by  the  general  term  "stimulus'’);  more 
growth  substance  leads  to  a  greater  growth,  thus  there  oocurs  a  unilaterally 
increased  growth  causing  the  deflection. 

Wo  are  indebted  to  F.W.  Went  for  a  nice  quantitative  method  for  the 
determination  of  the  growth-substance  content,  whioh  since  has  made  possible 
many  thorough  investigations;  Van  der  Wey  (1931)  has  introduced  into  this 
method  some  useful  improvements. 

The  studies  of  Went  have  been  elaborated  in  different  directions: 

Hoyn  (1931)  was  able  to  show  in  Avena  that  under  the  influence  of 
the  growth  materiel  the  plasticity  of  cell  membranes  (that  is,  the  ability 
to  bo  irreversibly  olongated)  is  increased,  accordingly  the  turgor  over¬ 
stretches  those  coll  membranes.  -  The  ability  to  be  elastioally  stretched 
(that  is,  the  ahality  for  reversible  length  changes),  however,  also  plays 
a  rclo,  since  it  increases  during  the  growth,  but  falls  during  inhibition 
of  growth,  o.g.  through  decapitation.  Heyn  and  Van  Overbook  (1931)  showed 
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that  tho  ability  to  bo  elastically  stretched  is  also  influenced  by 
growth  substance. 


Van  dor  V7oy  (1932)  investigated  the  growth-substance  transport 
in  living  coleopui^o  cells  of  Avena.  The  transport  takes  place  such  faster 
thAn  a  pure  diffusion,  definitely  polar*  only  in  basipetal  direction. 

The  amount  of  growth  substance  supplied  does  not  have  any  influence  on 
the  transport  velocity;  even  the  temperature  does  not  effect  the  growth- 
substance  transport  in  any  other  way  than  it  does  any  other  physiological 
process . 

Uylw-rt,  (1931)  worked  with  sprouts  of  Tradescantia  fluminenois. 

Ho  inhibited  growth  and  the  geotropical  reactivity  by  decapitation; 
after  a  supply  of  growth  substance  both  occurred  again.  Sho*  was  ablo 
to  detect  growth-substance  transport  in  young  internodes.  The  normal 
position  of  a  sprout  of  Tradescantia  deviates  from  the  vertical  by  about 
20°.  Vertically  oriented  sprouts  cut  in  on  the  dorsal  side  no  longer  per¬ 
form  any  epinastio  bending;  but  those  which  were  ricked  on  the  ventral 
side  do.  In  the  cn30  of  geotropic  stimulation  only  the  dorsal  side  conducts 
the  growth  substance;  the  goo tropic  stimulation  causes  a  polarization  of 
tho  growth-cubs tanoe  transport. 

Du  Buy  (1933)  determined  the  growth-substance  yield  of  Avoaa 
coleoptilcs  during  the  development  period;  it  was  found  that  it  remains 
constant  for  a  very  long  time.  Further,  he  investigated  the  different 
.swth-substanoe  conditions  in  reference  to  aging:  I  will  return  to  this 
in  greater  detail  below. 

Van  Overbook  (1933)  was  ablo  to  detect  growth  substance  in  tho  case 
of  sprouts  of  Raphaaus  and  Lopidium  only  in  the  cotyledons  and  the  young 
leavos.  Thus  in  these  species  there  is  a  oenter  for  the  production  of 
growth  substanco,  as  in  the  Avena,  in  the  tip  of  the  coleoptile .  toller.-, 
howevor,  the  cotyledons  are  removed,  then  it  is  the  tip  of  the  hypocotyl 
that  begins  to  foH;  growth  substance.  He  ascertained  the  production  of 
growth  substanco  in  groon  leaves  under  the:  influence  of  light.  There  is, 
bore,  perhaps  a  connection  between  growth-hormone  production  and. assimilation. 

On  th~  other  hand  Dijkman  (193^)  extracted  much  growth  substance  from 
the  hypocotyls  of  etiolated  sprouts  of  Lupinus ,  while  in  this  case  tho 
cotyledons  yielded  no  active  growth  substance.  The  growth  substanco  occurs 
distributed  over  the  entire  length  of  the  hypocotyl;  thoro  docs  not 


exit  hare  any  a  ascribed  growth-substance  production  center. 

Each  cell  pi-  h  4  own  growth  substance.  The  direction  of  gravity 

has  no  effect  e.i  v...  /unu  of  growth  substance  formed;  there  occurs,  in 


tho  horizontal  hypocotyl  a  unilateral  distribution  of  the  basipetal  growth- 
substance  stream,  as  was  already  shown  by  Do lk  (1930)  in  Avena.  More  tho 
lower  side  roceivcs  as  much  more  growth  substance  as  tho  upper  side  rccoives 
loss.  After  a  calculation  by  Dijkman  the  geotropical  bonding  may  bo  com¬ 
pletely  e:rp?.  ar.od  quantitatively  on  the  basis  of  this  unilateral  distri¬ 
bution;  n:  -rowth  reaotion  participates  in  its  occurrence.  This  agrees 

with  tho  fin- -ago  of  Cholodny  (1929,  1930)  and  Dolk  (1930);  neither  could 
detect  ary  go o-grc-.'.h  reaotion. 


6 


co,Sylo=flhl;  the  =r=^-^ono  content  of  gross 

there  occurs  c-  .*??***  Ma  intornodos  do  not.  Hero,  too. 

.  -'--t-d  4-v  -  c  - - -wt.io.'i  a  polarisation  of  the  growth 

cMrosTA^+L^  l0W°r  l!1?®  receiving  most  of  it.  As  is  known  undor 

=£** 

oith  tkovsproftseoTLup°^1::  :j:!dltions  PrST“ili"g 


Van  dor  Wey  (19>)  demonstrated  the  existence  of  polar-growth- 
subs^ancs  transport  in  the  case  of  the  shrub  Elaeagnus,  and  found  growth 
substance  also  in  Valonia. 


mus  investigations  have  been  carried  out  with  regard  to  the  role 
of  the  growth  substance  in  plant  life.  It  i*as  found  that  this  substance 
is  distributed  quite  generally,,  and  that  evarwhoro  it  enhances  the 
extension  of  cells.  During  the  last  years,  however,  it  has  been  proved 
bey  one.  a  dnebt  that  the  growth  substance  inhibits  the  longitudinal 
powth  of  rce-s  ( Cholodny  1927;  Boy  sen  Jensen  1933):  cf.  al.--  tnor 
(-932).  inis  phcn;_.©non  is  difficult  to  reconcile  with  .  .in¬ 

cepts  rcg_.eu.n_  tho  mechanism  of  growth-substance  action. 

Boruicr  (1933)  attacks  the  matter  from  another  direction;  ho 
n  ensured  ene  rowth  of  Avena  coleop tiles  in  3  ®m  long  growth-substar.ee- 
freo  coleop  tile  cylinders.  Whether  in  this  case  it  is  the  normal  growth 
east  is  detected  remains  unsettled.  In  one  growth-substance  solution 
u*.oso  cylinders  aro  elongatod;  this  growth  varies  with  the  growth-substance 
concentrations  (tho  growth  substance  originates  from  Rhizopus).  We  find 
optimal  concentration;  high  concentrations  have  an  injurious  effect. 

.no  c_oagati'-  .  of  the  eoleptile  cylinders  is  completely  inhibited  by  a 
0.001N  XC  N  solution,  also  by  a  0.05$  phenylur ethane  solution;  similarly,  no 
_.*o-.rth  took  plac.  m  a  nitrogen  atmosphere.  The  same  inhibitions  wore 
found  also  vnen  cno  author  determined  the  respiration  of  plant  portions 
r oaten  m  tho  scan  manner.  Addition  of  a  small  amount  of  growth  hormone 
uncrossed  respiration;  larger  amounts  disturbed  it.  From  hi  a  studies 
-inner  conduced  that  an  increase  in  the  intensity  of  respiration  is  pro- 
y  a  necessary  precondition  for  the  action  of  the  growth— substance 


:o  Gc.c#  Gc;.^:vl  lirpo^i^ontal  Setup, 


c- ^ricultl/  co 

w  -  CC.p  C.  0.3,0 

»- U*-C  ocici* 

w«**  *  OJ  t'iM 


o,  KoC-CKj,  is  a  combustible,  non-explosivo,  aromatic  gas, 
lublo  in  water  (0.25$  at  0°C).  Because  of  its  double  bond 
of  undorgoing  addition  reactions,  e.g.,  with  halogens, 
nitrogen  oxides  and  metal  salts.  It  is  well  absorbed  by 
-  review  of  the  physical  and  chemical  properties  of  ethylene 
11- -If  and  Egloff  (1919). 


pwir.oiylo  in  tho  soarch  for  an  expe  „ nit  methodology  was 
necessary  to  prepare  an  experimental  see-.p  ir»  whioh 


? 


only  one  factor 
n  oa.*  cc 


is  changed:  othyleno 
nareions  arc  to  remain 


or  no  othyleno;  otherwise  all  other 
cor.plotely  constant. 


~~  I“'-iw'V - o.  s.-ylene:  2;,  g  96^  ethanol,  150g  concentrated  K-,SC. 

g  seated  on  the  oil  bath  to  230UC.  When  the  evolution  of 

Owiy-wis  starts,  a  1:2  mixture  of  alcohol  and  H^SOa  is  ad  .-d  from  a  so- 
funnel.  Tue  gas  is  freed  from  impurities  in  tho  Hashing  bottle 
•  _th  2y*  and  ^a5cen  UP  under  water;  then  it  is  collected  i.. 

a  gas  reservoir  (brlccneyor  and  Bunte  18?4;  Aberhalden*s  landb.  d.  Phvniol. 
*-th» ... '  (Handbook  of  Physiological  Experimental  Methods 30). 


Tho  C-as  Box:  The  experimental  plants  are  exposed  to  tho  influence 
of  the  gas  in  tao  shoot-natal  box  (22.4  x  12.5  x  16  cm)  shown  in  Fig.l. 


A  iittl-  ethylene  gas  is  taken  up,  under  water,  by  means  of  a  gas  pipette  *) 
and  pressed  into  the  box  through  a  glass  stopcock;  in  ordor  to  bo  ablo 
to  croato  a  greater  pressure,  a  rubber  ball  is  fastened  to  the  pipette. 
Always  there  was  a  second  box  without  gas  right  next  to  the  experimental 
box  for  control  purposes . 


Control  experiments  showed  the  following:  Within  given  othyleno 
concentration  limits  (0.005-0,0005/S)  the  effect  is  unchanged;  honco  it  is 
r.:h  necessary  to  -..eric  always  with  an  exactly  determined  concentration.  This 
nixes  the  method  of  operation  significantly  easier.  Tho  amount  of  gas  u-ed 
was  v-thin  these  limits  in  all  experiments,  Further,  it  was  found  that 
after  a  24-hxar  stay  in  the  control  box  no  damages  were  causod  by  the  la  ok 
of  o;:ygcn;  in  th~  gas  box,  however,  marked  changes  woro  no  tod  during  this 
period;  in  this  way  it  is  established  that  Sorauer’s  findings  are  to  be 
considered  incorrect;  thus  the  old  experiments  of  Wielor  (1883)  and 
Jaccard  (1393)  uro  verifiod. 

All  experiments  were  carried  out  at  a  tenperaturo  of  22°C;  in  ad¬ 
dition,  these  in  the  dark  room  were  performed  at  a  humidity  of  92£* 

*y  Jordan  and’airsch  192? 
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Captor  II:  IXV2STIGAT10NS  CX  AV£XA  SATIVA 
3*  Gororal 


In  view  of  the  fact  that  Avena  sativa  (Svabv's  "Triumph  Oat" 

/  lends  itself  to  the  most  exact  growth— substance  determinations 
-  c-los*  this  plant  as  the  first  experimental  object*  The  plants  were  grown 
ir.  the  usuil  manner  in  water  in  glass  containers  (Went,  192B);  they  also 
stayed  in  the  same  darkroom. 

-fter  3  l/2  days  the  plants  were  placed  into  the  sheet-metal  boxes 
ar.d  one  half  provided  with  a  little  ethylono;  afterwards  they  were  placed 
-a  a  thainostat  at  the  same  temperature  as  that  of  the  darkroom;  the 
••noxiour1  gas  should  not  got  into  the  darkroom  1  Cn  the  next  day  the  experi- 
***—«..—  begun. 

frr  the  transport  experiments  (c.f .  Van  der  Way,  1932)  it  is  neces¬ 
sary  to  carry  out  a  vory  largo  number  of  growth-substance  analyses  on  a 
3 Anglo  ay;  when  one  investigates,  e.g.,  the  transport  during  five  different 
periods,  it  is  necessary  to  use  for  the  analysis  of  the  agar  blocks  5  x  12  * 
60  Avem  plants .  When  one  determines  the  content  of  the  lower  and  upper 
plates,  then  it  is  necessary  to  take  double  that  number;  and-  comparative 
c-xporirents  in  gas  and  pure  air  again  double  tho  number  of  plants  tested, 
facapiiation  of  20  12  Avena  sprouts,  extraction  of  the  primary  leaves 

and  sotting  up  tho  agar  blocks  take  up  at  least  100  minutes.  Between  the 
sottiig  up  of  the  agar  on  the  first  and  last  plant  the  tine  elapsed  is 
100  minutes,  and  this  can  cause  a  considerable  error.  Kogl  and  Haagen  Smit 
wore  it  la  to  show  that  the  ability  of  the  Avena.  sprouts  ’  to  react  to  a  given 
ur.-.oua;  of  auxin  fluctuates  every  hour  by  several  tens  of  a  percent  (Kogl 

1933). 

In  order  to  attain  woll- comparable  experiments,  the  analyses  should 
bo  carried  out  as  contemporaneously  as  possible.  This  Could  be  attained  by 
means  of  an  aitorod  experimental  technique.  I  did  not  employ,  as  in  the 
;  -ov„ous  case,  a  scries  of  12  plants  for  one  experimental  series,  but  used 
—a  sequor.ee-  of  each  series  one  after  another,  so  that  each  plant  of 
a  seqaonco  belongs  to  another  experimental  series.  Too  following  experiment 
gusvifios  this  technique: 

Table  I 

Comparison  of  Two  Series  of  Differently  Protroated  Test  Plants  in  tho  Auxin 

Test 

C-ri . .  a)  The  small  a.;;  a*  blocks  of  each  experimental  se macaco  wore  plaood 
or.o  aft .  .•  tho  other  on  two  culture  stands  each 
S-rics  b)  Th  plants  of  a  culture  stand  were  alternately  provided  with  an 
agar  block  of  each  experimental  sequence. 

1)  In  fats  work  th<~  t-ra  "  gr oirth-s ubs tanc a n  rsfers  to  untreated  product 
.■•.traooed  iron  plant-;  by  contrast,  the  term  "auxin"  is  employe';,  for 
•tl:o  product  cer.cc.v: rated  from  urine,  well-known  chemically  as  •a-AUXin* 

(of.  Kogl,  Haagen  Smit  and  Erxleben,  1932). 
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_  _ 

0. 

1. 

8,6’  3:'  0,5 

19  !>;!. 

2. 

7/>°  ±  0,5 

16  PH. 

3. 

7,2’  ±  0,6 

17  Pfl 

4. 

5,8*  :i:  0,7 

19  Pfl 

igGrosstcr  Untcrschicd:  2,S 


b. 


1. 

7. O’ 

±  0,5 

20  Pfl 

2. 

8,1’ 

:::  0,4 

17  Pfl 

3. 

7,0’ 

±  0,5 

16  Pfl 

4. 

7,6’ 

±  0,4 

20  Pfl 

Gross  ter  Untcrschicd:  1,1°. 


1/  Greatest  Eiffca'orww.  Pfl.  =  plants . 
4.  Method  Growth  Istomina  tion 


the  ^anc  ac « — 

J-'*.  •.  -  * *  1  •  /•? ■-.  - ■  ^ 

V*«W  J  r  V 

sonar,  .ting  wv/.l 
C&S.2).  In  ah 
:  unt  of  gas  ; 


via  f  sprouts  must  bo  determined  contemporaneously  under 
bath  in  ethylene  and  in  pura  air.  To  this  end  one  of 
..deed  shoot-metal  boxes  is  provided  with,  a  fully  airtight 
1,  a3  well  as  with  windows  on  the  front-  and  bad.:  sida 
is  way  two  compartments  are  obtained,  into  one  of  which  small 
nay  bo  introduced.  Each  compartment  contains  5-7  Avena 


sprouts • 


c'. 


Fug .2.  Explanation  in  Text. 


I  placed  n 
ago.  Aftor 

CO.. 

p-rt-ent  * 


is  verified  whother  the  box  is  airtight.  F 


•“5000 


at  to  the  first  box 

:o  v 


a  second  one  containing  p...a*'03  of  bao  came 
•a  tho  plants  were  exactly  as  long  as  ’those  in  tho  air- 
:hilo  the  plants  in  the  ethylene-gas  containing  corn- 

growth  inhibition  as  follows: 


—  W--.-  wj 

,-e  much  shorter.  I  measured  this 


photographic  apparatus  (C)  ..a  fastened  to  the  same  tabio  on 
’_)  is  situated,  and  focussed  on  the  plants  in  tho  two 
lae  camera  ouabains  a  magazine  with  panchromatic  film  which 
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^iTS;fo-yCLS^  t^Ct-Gic?°4Cd  ^ir.ati°a  lamp  (A)  behind  the 
— y  *“w-  -^3  c..o  c.  c::posuro  (Jig. 2). 


-•'■  --.is  way4 


Following  the  suggestion  of  Du  Buy  and  Nuemberpk.  tin-foil  marks 
p«Ud  on  too  plants.  I  placed  tho  Sail  glass  toidors  0^0 
epuilos  very  close  to  one  another  so  as  to  be  able  to  photograph  as  many 
p-ants  togetnor  as  possible.  Pictures  were  takon  every  30  or  60  minutes. 

ise  fames  wore  linally  projected  on  a  screon  and  measured  by  the 

'  -'-'-us  w_  —u  ~_y  (_933»  ?  316). 

b  •  •,*o  —'-^a  or  „ rocrnrniag  Growth-Substance  Production 

.tiaOi'u..  ..g  to  'ulao  data  of  F.W.  Went, nine  Avcna  tips  were  placed  each 
t— .0  on  aa  ajar  plato  for  one  hour. 


lie 

*>*♦•—4  W.10*. 


h— ats  x.’ore  then  brought  to  the  darkroom  in  tho  usual  manner 
...cc-;  in  two  series ,  in  tho  sheet-metal  bo— os:  one  series 
S-.-11  amount  of  ethylene. 


1  -Is  Influence  of  tho  Duration  of  Gas  Action  on  Growth-Substance  Pro— 
duettos,  la o  Aa-lyscs  woro  carried  out  on  a  single  day. 

o-  say  in  14  hours  18  hours  33  hours 


In  gas  4.6°  4.1°  4.0° 

In  pure  air  6.8°  7.2°  6.4° 

Table  b  slows  that  tho  growth-subs tanco  production  in  gas  is  loss, 
-  -  -  tho  contrary  the  length  of  stay  in  cthylcao  docs  not  influonoe 

u..o  gre  ... -substance  production.  More  on  this  limitation  will  be  found 
an  Section  9,  ?  13# 


o.  bethel  of  Determination  of  Growth-Substance  Transport 


For  tie  transport  experiments  the  plants  woro  cot  up 
c;„e  way  ;  for  who  production  experiments.  The  colc-p tiles 
p_wVis  we.  2  1/2  -  3  cm  long,  those  of  the  normal  plants  4 

C»*0  VC^<3  O-  £1£0  • 


mractly  tho 
of  tho  w gassed" 
-  4  l/2  am.  The 


P' 


.04  ov-0  L>< 


rd  the  method  of  Van  dor  Wey  (1932)  and  cut  colcoptilo  cylinders 
app:.-  -...tus  described  on  p  39?  of  his  paper;  after  some  ;  raotice 
ode  I  bringing  the  cylinders  .to  good  contact  with  tho  agar 

s  without  using  his  transport  -pparatus  (p„  4C1). 
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?.  Asthcd  cf  B 


Uo;cr.::..v.:cri  cf  the 


Reactivity  to  Growth  Substar.ee> 


-  "  ^  i...ustaj;atcd,  by  two  cxi'fcror.t  methods,  the  manner  in  which 

ethyxene  influences  the  reactivity  of  the  sprouts  to  a  given  amount  of 
auxin;  first, we  measured  the  magnitude  of  the  growth-substance  bending 
ax  tor  a  unilateral  placement  of  auxin  agar;  second,  we  determined  the 
magnitude  of  growth  when  auxin  agar  is  placed  on  decapitated  Avena  colo— 
optilcs  on  all  sides  (1), 


1)  Normal  and  "gassed1, plants,  grown  in  the  usual  manner,  are  pro¬ 
vided  according  to  Want’s  method  with  agar  blocks  containing  tho  sano 
amount  of  auxin.  Thereupon  they  are  again  placed  in  tho  boxes  and  after 
110  minutes  a  silhouette  of  the  bonding  which  has  resulted  in  tho  mean¬ 
while  i-  recorded;  this  is  then  measured  (Wont  1928,  p  26). 


■  »  si 


.lcs  about  3  cm  long  are  decapitated;  tho  primary  loaf 
‘acted  and  then  auxin  agar  applied  on  all  sides.  Tho 
...cod  in  the  sane  box  with  the  separating  trail  as  deser 
is  likewise  measured  in  the  came  manner  (Fig’.  2,  p  10) 


tooc 


8.  Eotorndnatioa  of  Growth  (See  Fig. 3) 


After  -saying  in  an  atmosphere  containing  ethyleno  for  ono  hour, 
tho  uninsured  plrnts  exhibit  a  ?0#  inhibition  of  growth.  Kowovor,  tho  groxrth 
tros  never  --mplou-ly  inhibited .  At  the  some  time  it  i3  worth  mentioning  that 
tho  n g- ss cdu  plants  are  considerably  thicker  than  tho  normal  plants.  On 
soctions  wa  see  that  tho  cells  are  much  shorter  and  widor  and  tho  walls 
thichor  than  in  tho  case  of  usual  coleoptilos.  The  microscopio  moasuresioats 
of  cole  op  tile  sells  of  normal  plants  and  g&3  plants  gavoj 

Table  3 

.  "Gas"  Plants  Normal  Plants 


i.c  ng »»»  66.8  u  x.fc—  .0  n 

Width  19 •  5  p  16.0  u 


All  figures  aro  average  values  of  50  measurements  each. 

Growth  of  hsncw ;  The  uime  of  the  beginning  of  growth  inhibition  is 
not  'die  seme  for  all  uor.es .  In  the  most  strongly  growing  uono,  tho  niddlo 
.  .ms  (7-15  mm  from  tho  tip),  the  absolute  inhibition  13  maximum;  thus ,  there 
csiiets  a  Air.".:  particularly  between  the  longitudinal  growth  and  tho  effect 
of  gas.  It  is  to  b3  oxpoctcd  that  ethylene  gas  weakens  the  influence  of  tho 
growth  substance  without  which  cell  elongation  is  not  possible. 

j  s -v vxV.  possibilities  exist; 


(:.'  I  t: .  :  -f .  ;scrsBr  F.  Kogl  and  Er  A.J.  Haagon  Snit  for  supplying 

with  the  ef  noodod  for  my  oxpor.-.onts. 


1)  dthylcno  influences 

vO  W-*C 

3)  Ithylone  influences 
growth  substance;  and 

4)  A  combination  of  tho  above-mentionod  factors. 

We  shall  examine  each  of  these  possibilities  in  succession. 


•cne  grouch-substance  production  at  tho  tip; 
tnc  growth-substance  transport  from  tho  tip 


the  ability  of  coleoptilo  cells  to  respond  to 


i, 

h  t  i'j  Hsf  *  ~*V 


7  t  S )  10  11  /.*  uXrJ;d£, 

Inf  track  dcr  frfuhr  e'es  Casej\^\ 


^  r*i  „  .  .  1 

j  » 


tl  and  Grouch  of  Zones  in  Avena,  Average  Values  of  Fivo 
vun,  7  jul,  11  Jul,  12  Jul  and  13  Jul  1933.  D  Ti?  Zone 
3)  Hours  4)  Time  after  supply  of  Gas  5)  Growth,  in 
0.0043  ca/hour 


: .  I-boLuiaatio..  C-_uvuh-Substanco  Production 


It  nay  La  nr.  f. :n  Table  4  that  othyleno  has  a  marked  influence 
v  .  gre . .  wai.^ucs  wU..  production;  the  latter  is  reduced  by  1/3.  Thcso 

sl.aagw-  aro  similar  uo  tho  phenomena  arising  when  tho  tip  of  tho  c: loop tile 
is  injured  ;  0  off.  Then,  too,  the  longitudinal  growth  is  stopped  duo 
to  lack  of  substance;  the  cells  bocomo  thicker  and  stay  short. 

nones  in  ..vans  othylone  injures  the  growth-subs tanco-production 

,*  •* •  "i  r  v. 

W.w 


possibility  mentioned 
im.o  j.w  reduced 


in  the  provious  section  w'S  vorified, 
to  a  much  groater  content  than  the 
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yield  cf  active  grew  h  substance  from  the  tip  c-i*  the  coleeptile  cn  the 
plate.  .  rihclosc  it  doc::  not  oocn  proved  whether  tho  yiold  of 
active  g  :th  „ubct:v.  ;o  end  tho  reduction  of  longitudinal  gro*r’ch  aro 
pcrccntu.a'_L.y  eevp arable ;  all  wo  know  is  that  tho  amount  of  growth  substance 
and  toe  grow  oh  substance  bending  are  proportional  to  each  other  within 
c o? tain  limits  (F.W.  Wont  1928;  Dijkman  1934).  We  do  not  know,  howover. 


1}  How  much  groxrth  substance  is  necessary  for  a  given  gro*~"*  • 

2;  Whether  all  growth  substance  obtained  free;  a  plant  is  • - 1 

for  the  gre.rth  and  vice  versa;  and 

3)  Wn other  we  obtain,  with  our  present  methodology,  all  tho  aotivo 
growth  subet—.eo  from  the  plant. 

In  rear tines  (Dijkman  1934;  v.  Overbook,  1533)  attempts  have 

boon  nac.o  to  _ tic  thcorotical  insights  through  quantitative!  clues 

bused  on  gv  : th-oubs tanco  determinations;  as  long,  howevor,  as  tho  above 
questions  •  -uain  uusottled  we  must  take  those  theorios  with  the  greatest 
caution;  in  my  opinion  they  rush  ahead  of  the  experiments • 

"Ablo  4,  Growth-Subs  tana  e  Production  in  Avena  in  Gas  and  in  Pure  Air. 


Datum  (D  j 

Wuc'i'.stoflpfoduklion  in  (2d  j 
Gas  |  reincr  LuftfJ.'j 

Vcrbleib  in  Gas 
in  Stundcn. 

18.11.32  S 

4,r 

7,0“  1 

±  20 

21.11. 

5,r 

<i,7“ 

21  Vt 

25.11.  i 

4,4° 

8,3“ 

33 

26.11. 

5,1 * 

6,5“ 

12 

28.11. 

5,8 

8,9“ 

■  13 

2.12. 

4,6“  1 

6,8’ 

!  14 

3.12.  i 

4,1“ 

7,2’ 

18 

3.12.  I 

!  4,0' 

6,4“ 

35 

7.  1.33 

1  7,5“ 

9,2“ 

31  a 

15.  1. 

!  1,3’ 

4,9“ 

•  15 

20.  1. 

:  2,9“ 

4,1“ 

35 

20.  1. 

3,5“ 

5,5“ 

35 

20.  1. 

3,8° 

5,8“ 

j  35 

Total 

57,e  65  *;0 

87,3  -  100  % 

( 

1)  Date  2)  Gro;.  1-Substance  Production  in  3)  Pur®  air  *0  length  of  Stay 

in  the  Gas,  Hours 

10.  Determination  of  Growth-Subs tanoo  Transport 

The  transport  was  determined  by  two  methods; 

A)  Short  oyllnders  (2  mm),  high  initial  concentration  (100°),  e~ 
transport  period; 


14 


T 


•> 


i  f 


I-  ■"? 


S: 


J”*  •  y-  r 


heug  cyl'.'ders  (6  uu}:  lew  initial  concentration  (20-30°),  long 
poried  (!-:•  hours). 


'..her.  the  .sport  is  dcsc.-  sued  in  the*  Ins t-nontioned  manner,  it  is 
•  ssiblo  to  simultaneously  deter;..!  au  the  consumption  of  growth  substance* 
h  .  0  it  is  naturally  assumed  that  the  initial  concentration  and,  at  tho 
cud  of  tho  eerporiaont,  tho  growth-substance  concentration  are  determined 
both  in  she  upper  and  lover  plates  (Van  der  We y  1932,  p  ^3-)*  In  those 
cxperimor.ts  the  transport  takes  place  always  in  the  gas,  while  the  experi¬ 
ment;  with  short  tun-port  periods  were  carriod  out  during  the  after-effect 
period  of  tho  gas.  I  then  placed  the  cylinders  after  cutting  in  the  gas 
fvr  a  few  hours,  after  which  they  were  used  in  the  transport  experiments . 


I; 

[■ 


c±z„l:-»  Velocity  of  Grevth-Ho rmono  Transport  in  Avena  in  the  Case  of  Short 
Transport  Period.  l->  Fob  1933.  Initial  concentration  100°;  Length  of 
cylinder  2  mm.  Additional  Experiments  may  be  found  in  Table  5*  1)  Time  in  Min 

Results s^Prom  eight  experiments  with  many  different  transport  periods 
it  was  four—  that  tho  transport  was  fully  identical  ia  normal  and  in  gas- 
treated  plants  (Fig .4). 

b.  Also  in  the  case  of  these  7  er/orimonts  I  was  unable  to  detect 
any  differences  either  in  growth-subs  tance  consumption  or  in  long— lasting 
transport  (Fig. 5). 

This  proves  unequivocally  that  ethyler.o  has  no  influence  in  Avena 
on  the  growth-substance  transport  and  growth-substance  consumption. 
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Table  5-  Groirih-Hormor.o  Transport  ia  Avena,  in  Gas  and  ia  Pura  Air 
L.-itial  Concentration  ICO  ,  Length  of  Cylinder  2  mm. 


l  < )  Datum  ' 

1 

Transponscit  v-  ' 

1 

Grcnz-r£ 

1933  j 

16  Min 

.  24  Min. 

32  Min 

!*!0  Mill.. 

18  Min.' 

winkcl. 

i  °‘o 

,\J 

0 

it> 

r°  0  *! 

% 

7.2. 

Gas 

!  3,1 

■  5,1 

i  V 

i  8,7 

— 

20,9 5 

Normal 

1  4,2 

:  6,0 

;  s,o 

!  9,3 

— 

8.2. 

Gas 

1  3,3 

6,0 

i  8,s 

i  12.2 

20,8 

26,8° 

Normal 

!  2,3 

7,5 

;  9.5 

|  12,5 

23,4 

’3  0 

Gas 

Normal 

!  2,4 

|  4,4 

:  5,1 
:  5,2 

:  5,4 
!  7,25 

i  8,0 

'  9,4 

— 

22,6s 

14.2. 

(?,  Abb.  4 

Gas 

Normal 

:  3,7 
4,4 

■  6,4 

6,2 

i  9,0 
9,1 

|  11,2 
!  1U 

c\  w 

23,4° 

15.2. 

Gas 

2,3 

,  3,6 

6,5 

i  8,0 

_ 

22,1° 

Normal 

3,8 

;  5,1 

i  7,8 

:  7,5 

17.2. 

Gas 

6,0 

i  7,1 

1  8,1 

i  10,2 

— 

21,5s 

Normal 

2,4 

5,2 

;  7,75 

l  10,1 

— 

20.2. 

Gas 

|  3,3 

7,1 

!  S,8 

!  10,0 

13.4 

15,7° 

Normal 

S  2,9 

6,1 

!  8,9 

|  9,9 

14,5 

21.2. 

Gas 

6,6 

10,0 

12,7 

I  15,1 

18,1 

21,2s 

Normal 

5,6 

7,9 

12,4 

I  15,6 

19,9 

1)  Date  2)  Fig  .4  3)  Transport  Period  4)  Critical  Anglo 

Hoaco  tho  Gocond  possibility  is  not  roalistic. 

The  growth-sub3tance  transport  is  also  independent  of  the  amount 
of  growth-substance  supplied  (Van  dor  Woy,  1932)*  of  the  effect  of  the 
longitudinal  component  of  gravity  (Pfaeltzor  1934)*  and  in  addition* 
the  effect  of  temperature  is  the  same  as  in  the  case  of  other  life  pro¬ 
cesses.  (Van  der  Wey  1932)* 

The  growth-substance  is  thus  very  resistant  to  oxternal  factors, 
even  men  the  lattor  have  an  effect  on  growth.  Apparently  it  is  one  of  tho 
factors  having  a  primary  determining  effect  on  the  life  phenomena  of  tho 
plant.  If  one  desired  to  determine  the  place  occupied  by  the  growth- 
substance  mechanism  in  tho  series  of  plant-physiological  processes,  it 
is  necessary  in  ay  opinion  that  he  undertake  first  of  all  a  thorough 
investigation  of  the  connoction  between  growth-hon&one  transport  and 
ootabolic  processes,  first  of  all  respiration, 

11.  Dotoraination  of  the  Reactivity  to  Growth  Substanoe 

Experiments  on  this  reactivity  are  not  oasy  since  it  varies  greatly, 
ec  „lat  unequivocal  experiments  are  hard  to  obtain  (cf.  Xogl  1933# 
r—vitzor  1934). 
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Xey:  I)  Initial  Concentration  2)  Degree  of  Bending 
3 )  T'iaie  in  Hours 


T-fole  6.  Transport  ar.d  Consumption  of  Growth  Hornono  iri  Avoaa.  Initial 
Concentration  20-30°.  Cylinders  6  no.  1)  Date  2)  Transport  Value ^  in 
3/  Aft—  1  hour  4)  Initial  Concentration  5)  Kaniaun 

Consumption  6)  Critical  angle  7)  lower  8)  Upper 


1 


iJ“r ‘-^--8  (cco  J-'t  was  i-ot  nocsibla  to  obtain  a 

u~;~  1  y~'  J  in  ^-2  manner.  The  “caused"  plants  often  roactcd  mero 

w^or^l}-  •  -  t_r.:cG,  neueVoi4 ,  r.oi'o  vroakly  thc.n  the  normal  plants f  01* 

tnoro  was  r.o  difference  at  a«i.  During  those  experiments  X  got  the  impres¬ 
sion  that  ta©  uime  of  exposure  to  gas  governs  the  reaction* 


Second  Lathed:  With  this  oxperwaental  setup  Z  was  cblo  to  observe 
■■^aucnco  of  the  gas  during  the  onset  of  the  reaction,  hero  it  v— s 
c.. early  sc^..x  how  natters  stood:  at  first  an  increased  growth  set  in, 

02*  OVlp  on  the  reaction  was  core  or  less  the  same,  and  at  the  end  the 
reaction  of  tho  gas— treated  ■c—.nts  fell  behind  that  of  the  normal  plants 
(fig .6). 


Fig .6.  Ability  to  React  to  Growth  Substance  in  Avena.  Average  Values  of 
Pave  Experiments  Performed  on  24  Jul,  25  Jul,  27  Jul,  28  Jul  and  Jul  33 
1)  Additional  Gxwah  in  0.0045  cm/hour;  2)  Time  in  Hours 

Kc.;  is  this  increased  growth  to  bo  explained?  As  a  result  of  ‘tho 
gas  effect  the  cells  received,  over  a  prolonged  period,  too  little  activo 
w  .o:rth  substance,  while'  on  the  other  hand  the  supply  of  building  materials 
continued..  When  the  colcoptiles  in  this  state  are  ^applied  a  largo  amount 
of  auxin,  'the  latter  initiates  the  longitudinal  growth  at  an  accelerated 
rat© . 


..  -ole  of  growth  substance  as  tho  initiating  facror  in 

coll  growth  d-  -son  vary  clearly. 

Summary  of  Experiments  with  Aver.a;  Ethylono  lias  a  marked  inhibitory 
effect  on  tho  growth  of  Avena  colcoptiles.  The  elongation  zone  is  in¬ 
hibited  to  the  greatest  extent.  The  growth-substance  production  in  gas- 
treated  plants  .mounts  to  only  66$  of  that  of  normal  plants.  Ethylono  in¬ 
jures  tho  growth-substance  production  center  in  the  tip. 

The  transport  of  growth  substance  as  well  as  its  consumption  are 
coapiotoly  uninfluenced. 

The  ability  to  roact  to  a  given  amount  of  growth  substance  is  tempo¬ 
rarily  enhanced;  sinco,  howovor,  this  factor  is  al*.  ays  subject  to  other 
cor.  ’.s  (Kogl  19;  Pfaeltzer  1934),  I  do  not  at  this  point  wish  to 
go  i-  t  more  deeply . 
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.  _  •  -- f  V-933)  following  situation  upon  aging  af  Avoaa 

.  T'-"*'  h  c- ■- ••'^--Ubs tar.cu  yield  remains  tho  some,  tho  transport 

~“v' ' — J  —row  un— suoc  vance  consumption  increases ,  tho  reactivity 

accrcascs.  '—a- ,  t_.so  phonca-r.a  are  precisely  the  opposite  oi  tho  so  which 
I  cosorvod. 

Clw.i?.  in 

12.  Studies  with  Different  Dicotyledonous  Sprouts 

Lao  following  varo  planted  in  sawdust  in  tho  dark  at  20°:  Seeds  of 
rhus coluc  .  Igarij  9  Vicia  faba  var.  minor,  Pisum  sativum,  Lopidiim 
sativum,  Lupiaus  ar.gustif  olius ,  Raphanus  sativus. 

Aft-r  ta.  days  I  placed  tho  pi  .vis  into  similar  sheet-natal  bones 
as  those  used  in  the  .'.vena  o:-;perinents,  only  thoir  surfaco  area  was 
creator.  Ac- in  or.o  half  of  tho  plants  were  placed  in  the  compartment  with 
;-:.s,  tho  ovhor  half  without  gas  •  ah©  compartments  uoro  aired  daily,  and 


A  cor.3id-ra'. _  ,  .3  influence  was  noted  throughout;  still  there  ware 

differences,  The  phenomena  nay  be  divided  into  several  categories: 

1)  Horizontal  nutation:  A  flat,  straight  growth  tending  rlightly 

v. /words,  a  smaller  longitudinal  growth,  increased  transverse  grc.  ..  ^ore, 
‘-oa,  x;o  found  tho  11  triple  rospor.se'1  in  the  sense  of  Knight  and  Crocker: 
cpicotyls  of  Vicia  faba  minor  and  Pisum  sativum. 

2)  Lao  hypocotyl  exhibits  a  strong  thickoning  ar.d  becomes  coiled 
1:..:-  a  pig‘s  t  .  .1:  at  tinos  the  sprout  again  grows  in  tho  ground.  They  are 
short,  abnom-f.'y  developed  plantlets:  hypocotyls  of  Phaacolus  vulgaris 

•  •  **  *3  *  *'•*.  .  ~  —  c  •  •  \r. •  « 

1)  Tho  hrpoc-tyl  likox-d.se  thickens,  the  sprout  nevertheless  grows 
normally  straight  up  .rds  and  is  only  thicker  and  short. r:  hypocotyls 
of  Lv.pi.nus  sngustifoLiuu  and  Lcpidium  sativum.  Avena  cativa  behaves  In 
C..0  o-aio  a  — ..or . 

All  control  plants  which  wore  also  placed  into  sheet-metal  boxes 
’--.bated  the  well-known,  stepped  up  long  vertical  growth  of  etiolated 


Thus  at  all  t Loos  tho  longitudinal  growth  is  injured  and  transverse 
growth  is  enhanced.  s 

CKAPTD?.  IV.  EXP3IMSSTS  VJITH  VICIA  FADA 

Ip »  General 

After  the  -termination.,  of  Dijkman  in  hypocotyls  of  Lupinus,  1 
tooted  the  gro-..d.-subo  t-nc o  conditions  in  oplcotyls  of  Vicia.  I  always 
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ils  in  acmcr*  con  *-***> 
c-tlcy  (1926), 


"'Vv . si9->*i9^3)  has  thoroughly  invc-ki— tad, 

~V*‘  «  ~i0  xasiuencc  of  the  tip  cn  tho  sproutir."  of  axillary 

euo3.  Ho  observed  tho  influence  of  a  substanco,  vory  likoly  -  growth 
-uosc—nce,  vaicn  inhioits  tho  sprouting  of  buds  in  intact  so  routs ;  whon  tho 
growth  substanco  supply  was  destroyed  by  decapitation,  tho  buds  burgeoning 
®'"*#  l«ick_y »  Thus  in  this  case  the  growth  substance  had  an  inhibitory 
effect. 


kuann  and  S'.coog  (1934)  determined,  by  moans  of  Kent's  method, 

•'  to  grow t-.-subs t :.nc a  content  of  plantulos  of  Vicia  faba.  Especially  in 
-o  end  1  d  is  ...ovo  a  large  amount  of  growth  substanco.  tho  resting 
a: -illary  buds  contain  almost  none;  the  buc^_ng  ones,  howovor,  do  contain 
growth  substance.  Thimann  and  Skcog  succoeded  in  blocking  tie  burgeoning 
of  axillary  buds  by  supplying  the  decapitated  plants  with  artificial 
entir.  (obtained  from  Ehisopus).  Thus  in  this  case  tho  growth  substance 
b  .. eks  g.  y  ;  for  the  tine  boing  thero  is  still  tho  possibility 

that  a  role  is  pl-yod  by  an  inhibitory  substance. 


Vn  know  today,,  thanks  to  the  studies  of  Cholcdny  (1>27)  and  Ey sen  ' 
Jenson  (1933)*  that  the  growth  hormone  inhibits  growth  also  in  roots  (cf . 
also  Gortor  1932)  •  Thus  the  growth  substanco  is  a  material  with  a  strongly 
regulatory  -ifoct  on  cell  elongation  ,  both  in  apsitivo  and  a  negative 
sense.  Tho  above-described  work  by  Keyn,  relating  exclusively  to  Avona, 
cannot  as  yot  bo  considered  as  having  a  general  validity.  Tho  agues tion  is 
still  open  how  tho  gro'.rth-substance  effects  tho  plasticity  of  the  root 
membranes.  ..  more  intensive  study  would  ba  vory  desirable  ir.  this  respect 
(~oo,  however,  Keyn,  193*0* 


In  this  work,  hn.iever,  I  would  like  to  limit  mysolf  t-  tho  influence 
of  ethylene.  For  i.y  studies  I  chose  the  epicotyls  of  Vicia  fhba  var.  minor 
(lar.schcbt's  broad  beans).  In  gas  the  sprouts  exhibit  the  noteworthy  behavior 
of  not  r..si;v  .  trough  tho  surface  but  boring  through  tho  sawdust  and  re¬ 
maining  Ic-ra—utal  (Fig.?).  I  have  attempted  to  subject  this  phenomenon 


The  seeds  were  softoned  under  water  for  about  3&  hours  and  then 
placed  in  wet  sawdust  in  earthen  vessels.  Sovenday-old  plants  were  best 
suited  for  tho  experiments.  They  are  grown  in  tho  dark  chamber  undor 
cons  .nt  conditions,  but  already  after  two  days  tho  vessels  were  placod 
in  two  ? ' rga  boxes,  one  of  which  was  always  supplied  with  some  ethylene. 

As  air  stated,  the  boxes  were  situated  not  in  a  room  with  constant 
temp  raeuro  but  in  a  thermostat. 

14.  Method  of  Growth  Determination 

Cno  cay  before  tho  beginning  of  tho  experiment  etiola-od  norm-1 
sprouts  .aro  planted  in  one  row  in  zinc  vossels  writ**,  sawdust,  and  pro¬ 
vided  with  tin-foil  labels .  Two  zinc  boxes  were  pra . od  with  a  glass 

window  on  tho  front  and  back;  into  each  of  those  boxes  were  placod  4  plants  . 
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V,  tea  coxes  iumiy  ve  the  table  of  tho  cc.vV.otor.otc.*  already 

'tv1  ^  .  vc-**x^*c  (■'■933;  JK-ss.  3  and  4,  pp  555-553).  She  method 


-.1  v.vc  .tauter  voieror.es. 


i  ;•  >v.  :c  ■! 

>V 


v 

.  "t*”  .  v 


.„Z»7»  Horizontal  Nutation  in  Vicia  Paha 


•  :  :«,V  .(.r  ,  /  . 

3 - Vfe- .  Z'-wR.-:  „-,v.  ■, 

• .  •/.  *  (■""  ■■•  :  i  •■  ,i  ■  '  -i'r',  •” 

■  U  •:■■  -.V."  ■■■ 

if  in  -> 

■:,i  -  V  '  t>5i  •, 

■  -  nV  ’  '*  ’  ’  ’ 

:v  .  v  t  ;  :  V 

•! . ; j f  till' utfr 


7V  *  «  >V. .  s  N  . 

Cr.o  cf  the  boxes  t:as  supplied  with  a  littlo  othylcno, 'cpvythat  it  was- 
*.juiu  possible  to  dotexino  simultaneously  the  growth  in  gas  and  in"  pure  air. 


iaztion  of  Growth-Substance  Production  |§ip  p;  .1  \  . 

*  .  £.* '  ’  •>’  v  w  *•  •  ’  *  ■  -  *  -  f 

■  "tHWnV  V.  ii  V- 

contain  r'ra-h-Ji  .  cv  ostr 


It  was  investigated  whether  the  epicotyls  contain  growth ;;cv.bstar.co.‘  " 
for  tlis  purpose  I  cut  7  Jam  long  pieces'  from  the  epicotyls  ^.placed  then 
for  a  few  minutes  or.  wet  filter  paper,  and  with  thoixvi^v .  side /down  on 
an  agar  block  (2x2x0. 9  am).  Each  experimental'  series  Von voirus /at  least  181 
plants,  with  a  view  to  the  variability  of  the  material^  .  ^  ' 


•h 


clirxnation  of  the  epicotyl  pieces  the  agar  blocks ^:ofo  placed, 
Let  of  w.  ter,  unilaterally  on  decapitated  Avona ' cblVoptilc 


;  of  the  cclcoptiles  gave  the  value  of  tho  grow-eh~‘nd»rs;oab  content 

•>  ... 


pib  Cvv, 
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fro '.."-ii-Subs banco  Distributio: 


_  .  --  ?  rm  long  opicotyl  cylinder  were 

W  ;.„g  Oi  7- any  o-a  ocro-Laeoa  plants.  According  to  E_/;isaa:i  (193b,  u  bG9V 
x  places  then  on  a  horizontally  placed  razor. 

3i.v.cQ  it  ha_  been  found  in  the  experiments  on  growth-hornono  pro¬ 
duction  (200  section  18)  that  the  epicotyls  contain  very  much  groxrth 
substance,  it  was  necessary  —  in  contrast  to  Linkman’ s  procedure  —  to 
apply  artificial  auxin  at  the  free  end  of  the  cylinders.  Besides  I  could 
dotemino  oho  growth-substance  content  of  the  agar  blocks  alroady  after 
a  cuartor  of  an  hour,  and  so  I  could  investigate  whether  a  unilateral 
cistribution  in  the  sense  of  Do  Ik  had  set  in.  After  this  first  quarter 
*•  r  the  agar  blocks  were  placed  quickly  into  a' moist  chamber  until  the 
perfontanco  of  tho  growth-substance  determination,  and  tho  epicotyl 
cy‘ ,_ndor  was  provided  with  new,  p  0  agar  blocks.  Thoso,  too*,  stood  for 
-/*>  hour  on  tie  opicotyl  pieces  and  then  again  replaced  by  now  ones.  This 
procedure  va3  repoatod  several  times  until  I  acquired  an  idea  regarding 
the  timo  in  which  the  unequal  distribution  set  in.  It  was  possible  in  this 
way  to  determine  tho  geotropical  presentation  time. 

At  tho  sane  time  the  presentation  time  is  doterained  in  the 
usual  manner,  i.c.,  tho  time  in  which  a  bonding  takes  placo  which  is 
'■f.siblo  to  tho  naked  cyo.  For  this  purpose  I  planted  nino  plantulcs  in  a 
;  ar.d  placed  t-ca  horizontally  in  front  of  -  screen  covered  with 
u_r  ‘  ■  b-r  gr-ph  paper.  Their  position  was  read  evory  l/4  hour. 

...  . - -.-tic..  cf  Growth  (Fig.8) 

Tho  po'.rt:  could  be  determined  only  ovory  30  minutes;  t he  inhibition, 
however,  coria:'.—./  set  in  only  during  tho  cocoud  half  hour  of  ‘tho  uafluenoo 
of  tho  g-s;  tho  growth  of  tho  gas-troatod  plants  thereafter  remains  uniformly 
cm- 11  for  several  hours,  but  does  not  complctoly  disappear.  Tho  similarity 
with  tho  curves  given  hy  Avona  (Fig. 3)  are  striking. 

A  wcavr*.  .*:.b  of  tho  growth  of  the  zones  did  net  reveal  anything 
p  .rtisulwi-.  t~«i  i.ru-hition  of  tho  growth  occurred  everywhere  aiauhuau-eu-ly 

wO  U.«0  WVM.  J  C»«Vv*«W^ 


..  /  d  icr.i:  utaca  tho  epicotyls  grow  less  strongly,  but  rt  takes 

ito  le..g  U.A..1  'the  gre’.rth  ceases  entirely.  The  long-lasting  grow..:  ;-.:v 
.. -reaps  ho  co:ph..ined  by  tho  large  growth-substance  stock  cf  tho  cpicetyh. 

11.  Dotornin-tion  wf  Growth-Substance  Production 

-■.Iready  Thiuana  a;.i  Skoog  (193*0  showed  that  tho  lootyls  of 
Y.—ia  Fab-  ...-in  an  extraordinary  amount  of  growth  substance.  It  v  ; 
i— .atorial  il.r.  which  zone  (Fig. 9)  I  cut  tho  cylir.de:.'  .  out  of  7-clay 
ph.  :  1  hr  „bt.  — d  a  moasurable  amount  of  growth  substance  alev-dy 

r-*Vw  •  *.  .  **  v 
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13,7  -j;  0,9 
19,3  1,3 

11.5  1,2 

12.6  -•  0,9 


15 

14 
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Hutm-ticu  -)  Hour  3)  No  of  Plants  4)  Soo  Fig.  3. 

1-3  ••real:  -Id  plants  display  in  tho  basal  regions ,  a  decrease. 
— ub«,i-aoc  consent: 

Tsblo  3;  10  Oct  1933 


i  PH.  6  T.ifTcr^  Anzr'/  Pfl.  10  Tage. !  Anz.' 


3) 


Spitzenzone  . .  .v^. . .  : 

Miulcre  Zone  .6^.,.  | 
Basale  Zone .... 

Extr.  Zeit  \'x  Stundc^j 


14,4  -.1;  1,3  !  14 

14,7  ;L-  1,1  1  16 

13,9  1,1  I  17 


i  ±  1,0 

13 

i  i  0,8 

15 

i  ±  43  ; 

11 

,  .sc.— .a  r.eno 
—ys  o ;  nanber 


3)  Basal  Zone  4)  Extraction  Tiao  l/2  hour 


VE.en  vho  cylinder  is  placed  inversely,  then  the  yield  of  growth 
mono  iw  sirs-jly  -.-creased: 

i’ablo  9;  6  Oct  1933 
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fig.  9 

la  the  baa*  c f  Viola  faba,  too,  there  apparently  00002*  only  a 
basipetnl  transport. 

Th*  oocurrenos  sad  distribution  of  th*  growth  horse n*  of  Viol* 

;  tab*  la  fully  Oboparahl*  with  th*  d*t*  of  Dijknen  in  th*  hypocotjl  of 
j  IiipliW  tllw  (1933«  P  U2).  H«r*,  too,  th*r*  i*  no  firsly  circus**  oribed 
if..  |WWl<  hftissa*  osster,  Savor  or,  Viol*  furniah**  2»3  tinea  sor*  active 
s-  pwrtA  substtAss  than  LMpi aua . 

■5  .  jjflflonaaa  st  We  muom  la  significant  also  In  th*  cUrkroor  j 

;  ftt  XHhsr  tefe  iMlstasn*  production  attain*  only  on*  half  of  th* 
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What  is  th*  situation  of  growth-substance  production  in  athyl*n*T 
Th*  yield  of  active  growth  substano*  la  T*ry  strongly  doer  eased  by 
O.OOO^jL  *thyl«a*.  Only  *  v*ry  asall  asount  remains  (Table  11). 

Whan  the  "gassed"  plants  or*  afterward  plaoad  in  pura  air,  a  partial 
ragan*ration  takes  placet  8  D*o  1933>  "gassed"  plants,  for  24  hours  again 
in  fresh  airt  ext.  tin*  1  hours  4.1  ♦  0.9°;  18  plants. 


Table  11 .  Growth-Hormona  Production  in  Ga*  and  in  Pur*  Air 
in  Vicia  Fab*. 


Datum 

t 

1’  T  <■ 

ll  It  1  t  1  (7  11 

(3 

1 

j  F.xttaktions- 

'”V 

1 

x  in 

/ 

Gm 

!  An~. 

!  pfl. 

Normal  | 

An’. 

Pfl. 

licit  in  iyeykn 

23.10 

1,4 

±  0,2 

r»! 

'  ...  -  , 

\2,S  0,6 

18 

1  1 

7.11 

1  2'9 

i  0,3 

1  36  1 

22.7  (Gicniw^J 

32 

5 

8.11 

6,5 

J  0,6 

1  '* 

(GlciUW.) 

45 

4 

14.11 

:  9,8 

i  0,9 

i  31 

.21. 1  (Gkiu'O 

28 

4 

15.11 

i  7'2 

±  0,8 

!  <|S 

2*1,7  (Grmzw.) 

■  42 

4  - 

24.11 

!  6,4 

1  0,9 

!  16 

21.2  (Grcnr.w.t 

!  15 

4 

1)  Oat*  2)  Produotlon  3)  Angf^ Tl“*  iB 

fren  nsr*  aignifioant  is  the  follow! "  ,  experlaenti 

Tmbls  12 |  12  to  13  D*o  1533*  Bttr.  Tin*  1  dour 

( i^Normalt  P/I .  15.0  d  1.6  12  Pfl. 

(PNich  2 4  St.  int  Gas .  4,0  +  0,8  17  „ 

48  „  „  4,6  ±  1,0  17  „ 

(pGasp/l .  4,0  d  0,4  12  Pfl. 

/%Nich  24  St.  un  rtmer  Lull . .  10,0  j  0,9  12  „ 

:  „  48 . 13,6  J  1,1  14  „ 


1)  Noznal  Plant*  2)  After  24  hour*  in  gas  3)  •Qaaaed1'  Plant*  4)  Aft*,r 
24  hour*  in  Pur*  Air  Pfl  ■  Plant* 

The  standard  (Kogl  1933)  of  th*  r*actirity  of  Arena  ool*optil**  i* 
determined  tn rj  dayt  bendings  occurring  in  th*  *bor*  experiment  on 
different  day*  are  then  recalculated  for  thi*  standard. 

Mien  doe*  th*  narked  inhibition  in  growth-aubatano*  occur  in  the 
gas  T  A  large  onto  of  sprout*  are  grown  ainultanaonslyi  on*  quarter  of 
then  are  analysed  for  their  growth-aubatano*  content  after  3  day*,  the 
other  quarter  are  placed  in  th*  gas  for  3.  5  and  9  bears.  All  analyse*  were 
carried  out  ainulthneouslyt 

Table  13 I  13  Deo  1933 

1.  Attraction  Tin*  1  Hour;  7.6  +  0.8  15  plant* 

Z„  •  •  1  Hour |  2.0  +  0.4  17  *  (3  Boar*  in  Gas) 

3.  •  •  1  Uoun  2.0  ♦  0.5  15  "  <6  •  •  *) 

4.  •  *  1  Hour |  2.2  ♦  0.4  18  •  (9  "  *  *) 
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Thus  After  three  hours  the  inhibition  is  already  coca  piste;  it 
re—ins  the  sue  during  the  next  hours.  The  next  experiment  shove  that 
the  max i—1  inhibition  is  stteined  already  after  the  first  hours 

Table  14.  20  Deo  1933 


1,  extraction  Times  1  Hour 

2.  •  *  1  Hour 

3.  ■  *1  Ho  sti* 

4,  8  •  1  Hour 


6.7  +  0.8 
1.8  +  0.6 
1.2  +  0.4 
1.8  ±  0.6 


11  plants 

12  ■  (1  Hour  in  Gas) 

12  *  (2  Hours  "  ■  ) 

13  «  (3  Hours  •  •  ) 


X  did  not  suoceed  in  establishing  the  time  at  which  the  Inhibition 
sets  in  with  an  even  greeter  accuracy.  These  results,  however,  sire  fully 
oo operable  with  the  growth  curves ;  growth  and  g ro  vth-a uba ta no o  content  go 
hand  in  hand  even  here.  All  these  conclusions,  however ,  are  only  qualit¬ 
ative,  since  the  growth  inhibition  by  the  gas  li  relatively  much  smaller 
than  the  decrease  (almost  an  elimination)  of  the  erewth-ewbstanee  content. 


19-  Determination  of  Transport  and  Distribution  of  Growth  Substance 

Already  djkman  (1934,  p  420)  described  a  few  experiment#  on  the 
oonneotion  between  the  time  during  vhioh  the  effect  of  gravity  is  exerted 
and  the  distribution  of  growth  subztanoe.  He  determined,  after  one-half,  1, 

2  mad  3  hours,  the  differences  between  the  amount  of  growth  substance  in 
the  upper  and  lower  halves  of  the  horisontally  placed  hypocotyl  cylinders 
of  Lupinur  <lbu» .  It  was  found  that  the  difference  in  the  first  half  hour 
still  lay  within  the  limits  of  error,  but  that  after  one  hour  a  unilateral 
distribution  sets  in  most  dearly  .  The  value  of  Dljtaaan,  however,  arc  not 
veiy  regular,  and  have  been  obtained  with  Very  different  numbers  of  plants; 
hence  they  need  a  acre  thorough  confirmation.  Thanks  to  the  high  growth- 
substance  oontset  proper  to  my  material  I  was  able  to  make  this  confirmation. 

1  determined  the  difference  in  growth-sub#  tanoe  content  iu  uho  upper 
and  lower  side  every  15  minutes.  It  may  be  seen  fra  Table  15  and  the 
graphical  representation  (Fig. 10)  that  the  unilateral  distribution  jf 

turn  kavnUi  uonraut  iu  in  liis  xjiii-ii  ou^rvfl*  hour*  aiutr  horifOPTIi 

placement;  the  peroentual  distribution  rsesaine  the  same  during  the  next 
hours i  this  was  the  conclusion  reached  already  by  Dijkmsc  on  the  basis  of 
his  figures.  If  we  measure  the  goo  tropic  presentation,  time  in  the  usual 

then  the  figures  obtained  are  the  same}  here,  too,  I  observed  the 
first  differences  in  growth  between  upper-  and  lover  side  in  the  third 
quarter  hour.  After  this  period  the  angle  of  deflection  still  increases, 
but  the  enount  of  Increase  in  deflection  per  quarter  Lour  raw  wins  approxi¬ 
mately  the  same  the  next  hours  ;  it  may  be  oempored  with  the  curve 

of  growth-subs  tame  content  after  the  onset  of  th&  unequal  growth-subs tano a 
distribution.  This  then  is  s  further  support  of  the  growth-hormone  theory 
of  geotropism,  ss  originated  by  Cboloday-Doik  (1927-193°)  «aii  ejq>anded  by 
DIJkaaa. 

Bat  let  me  return  to  toe  discussion  of.  the  infiuaooe  of  gas.  A  decer- 
mi nation  of  the  growth-substance  content  nt  the  upper  and  lower  LsXf  of 
the  oylimdsr,  Lb  tbs  oaso  sf  gee- treated  plant#*  was  difficult  ds»-s  ts  thair 
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Fig.  10,  Relationship  between  unequal  grovth-homone  distribution  and  the 
increase  in  bending  of  geotropioally  stimulated  eplcotyla  of  Viols  Faba. 
The  upper  ovrre  shows  tits  increase  in  bending  in  degrees;  the  lover  the 
growth-homon*  oonlent  of  the  upper-  and  levs?  side  in  percent*  1)  Upper 

2)  Lover  3)  Tine  in  Hours 

Table  15.  Appearance  of  Unilateral  Growth-Hormone  Olatrlbution  after 
Horleantal  Placement.  Only  tha  Percentage  Figure#  of  the  Growth-Homo n# 
Values  are  shown.  In  eaoh  determination  14-18  plants  vara  used. 

0  ■  Upper  a  Ida  i  U  ■  Lower  aide.  1)  Date  2)  Average  Value;  Hash  »  After. 
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small  grovtb-homoae  oontant.  Nevertheless  I  obtained  the  following  datai 
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Table  16.  Unilateral  Distribution  of  Growth  Substance  in  Gas-Treated  Plants 

in  the  Horizontal  Position 


Datum 

1933  ,, 
0 

WuclissloflvciKilimR^ 

I  Unitratut. •  Obtrsciti  >  ) 

Zali!  (lei, 

Umcrsciie  ; 

Zalil  tier  1 

Pfl.lUCt  ' 
Obtrsrilt  | 

iix(r  al\l  urn 

zcii  in 

SfunJcn 

20.10. 

1 

1,4 

0,4  4.P 

0,7  ’ 

18  ! 

16 

2 

7.11. 

0,9 

0,3  2,0 

0,3 

16 

20 

5 

8.11. 

2,5 

0.5  4,0 

0,6 

23 

25 

4 

14.11. 

4.1 

i  0,7  5,9 

1.1 

18 

13 

4 

15.11. 

3,- 

.  0,6  4,1  • 

0,6 

25 

23 

4 

Ton! 

12,0 

20,1 

100 

97  ' 

1)  Date  2)  Gxowth-Horaone  Distribution  3)  Humber  of  Plants  4)  Extraction 
Tlae  in  Hours  3)  Lower  Side  6)  Upper  Side* 

Thus  the  upper  half  always  contains  most  of  the  growth  substance. 

The  value  of  the  absolute  difference  should  not  be  taken  too  high,  since 
it  is  perhaps  still  a  little  too  large  due  to  the  very  small  angle  of 
bending.  However,  I  believe  nevertheless  to  have  detected  a  difference. 

£0.  Influenoe  of  Gravity  on  the  Horizontal  Growth  of  Sprouts  of  Viola 

Neljubow  (1911)  believed  to  have  been  able  to  show  that  the  hori¬ 
zontally  grown  gas-treated  plants  always  seek  the  horizontal  position  when 
exposed  to  gravity.  In  this  way  he  cornea  to  the  assumption  that  the  hori¬ 
zontal  nutation  — »  in  the  sense  of  the  term  used  by  Wlesner  —  is  not 
autonomous  but  that  there  occurs  a  transverse  geotroplsm. 

It  appeared  to  me  fitting  to  undertake  another  study  of  the  geo- 
troplo  behavior  of  Viols  plants  in  gas. 

To  this  '-nd  X  planted  Vials  faba  seeds  in  the  zlno  containers 
used  otherwise  fox-  growing  Irens  col eop tiles,  end  exposed  one  half  of  tin 
plan  tula*  to  gast  the  plants  w*re  again  divided  into  3  series  t 

^  t  *'  t  s  « 

2]  Vertical  standi  the  side  one  which  the  sprout  appears  is  directed 

upwards! 

3)  Sams  as  2,  exoept  this  side  is  directed  downwards. 

The  plants  rsosi.ved,  respectively,  fresh  sir  and  fre  has  every  day. 
After  $  days  the  plants  were  taken  from  the  ahoet-aetal  box  .a,  stuck  on 
photographic  plates  fay  means  ef  needles  end  s  silhouette  was  prepared.  Figs 
11a  and  Ub  shew  the  drawing  prepared  after  these  silhouettes  were  taken. 
An  effect  of  gwtropism  on  horizontal  nutation  is  not  observable. 

Results  of  Experiment#  with  Viola  Faba*  The  growth  of  Viola  faba 
plantulea  is  strongly  r  winced  by  ethylene.  The  inhibition  extends  evenly 
to  all  sones. 
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Fig .11*  Fig. lib 

Influence  of  Direction  of  Gravity  on  Horisontal 
Nutation 


Iho  eplcotyla  contain  *  vexy  large  (mount  of  growth  substance;  in 
young  plants  the  same  amounts  in  all  rones ;  in  older  plants  less  in  the 
lower  cones.  In  ethylene  the  yield  of  growth  substanoe  is  very  greatly 
rsduoed,  so  that  only  a  very  small  amount  remains. 

The  unilateral  distribution  of  the  growth  hormone  and  the  geotropio 
banding  begin  at  the  same  time,  in  the  third  quarter  hour  after  the 
beginning  of  the  geotropio  stimulation. 

Under  the  influence  of  ethylene  the  growth  substanoe  remaining  in 
the  gar -treated  plant*  is  distributed  unilaterally;  the  upper  half 
contains  most  of  the  growth  substanoe. 

CHAPTER  V 

£1.  Svsssary  of  "eeulu*  Cuuulu»lvu»  w  be  Drawn  frsa  Thar;  Theory 

Briefly  summarised,  the  results  are  to  be  formulated  as  follows; 

A.  A vena 


1.  Ethylene  reduoes  longitudinal  growth  (section  8} 

2.  Ethylene  reduces  growth-substanoe  production  (eeotion  9) 

3.  Ethylon*  enhance*  transverse  growth  (seotion  8) 

h.  Ethylene  has  no  Influence  either  on  the  growth-substanoe  trans  port 
or  on  the  growth-subs tano a  consumption  (seotion  10) 

5.  Ethylene  has  <'  transitory  promoting  affect  on  the  ability  to 
reaot  to  growth  substanoe  (seotion  11) 


B.  Viola 
8. 


ylene  causes  a  horizontal  growth  uninfluanoed  by  gravity 
(sections  17  and  20) 
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7.  Ethylene  Very  sharply  reduces  the  yield  of  growth  substance 

(section  18) 

8.  Ethylene  causes  a  distribution  of  the  remaining  growth  substance 

in  such  a  manner  that  the  upper  side  reoeives  the  greatest 
amount  (seotion  19). 


C.  General 


9*  Ethylene  does  not  change  the  least  the  effectiveness  of  a 
direotly  applied  auxin  solution  (see  p  32). 

What  conclusions  can  we  draw  from  these  facts T  In  regard  to  (1) 
and  (2):  It  was  found  that  thsre  sets  in,  simultaneously  with  the  already 
well-known  strong  inhibition  of  longitudinal  growth  also  a  significant 
reduction  of  the  yield  of  aotive  growth  substance.  Already  F.W.  Went 
(1928)  has  established  that  without  growth  substance  no  longitudinal 
growth  is  possible .  I  say  "longitudinal"  intentionally,  since  as  oan  be  seen 
from  point  3.  there  is  observed  a  very  great  transverse  growth.  This 
bolds  true  also  for  gas-treated  Viola  plantules  which  contain  only  very 
small  amounts  of  growth  substance.  Apparently  the  transverse  growth  is 
much  more  independent  of  the  growth-subs tanoe  content  than  is  longitudinal 
growth. 


How  do  the  cells  change  when  this  transverse  growth  occurs ?  We  note, 
on  sections  (see  Section  8,  above)  wide,  short  cells  with  thick,  layerod 
walls;  apparently  no  increase  in  plasticity  has  taken  place  (see  Heyn  1931). 
However,  there  did  occur  an  increase  in  the  substance  of  the  cell  vails 
(through  apposition  or  intussusception). 


Ihls  oonfixms  also  tho  view  of  Heyu  tw  »  on  aotion  of  growth  sub- 
stance  on  cell  growth  the  primary  change  is  in  ths  plasticity  of  the  oell 
wall,  and  only  later  does  ths  overextended  r  embrace  gat  fixed  through 
intussusception  of  new  partioles.  On  the  contrary,  3oding  (193*0  assumes 
on  the  basis  of  bis  experiments  with  stretehlng  organs  that  in  oell  stretching 
there  sets  in  immediately  an  intussusoeption  growth*  Since,  however,  it  is 
seen  from  the  present  experiments  that  in  ethylene  no  elongation  sets  in 
as  a  result  of  tho  damage  to  the  growth-subs  tanoe  production,  but  that 
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view  appears  to  me  doubtful  at  the  least* 
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The  supply  of  new  building  materials  from  the  roots  to  the  sprout 
cells  is  apparently  not  too  muoh  disturbed  by  ethylene;  this  is  proved 
by  the  fact  that  gas-treated  plants  exhibit  a  strong  guttation  and  display 
no  particular  transpj  ration  disturbances .  Because  of  the  Increase  ir.  the 
substance  of  the  oell  walls  the  sprouts  beoome  thicker,  and  this  way 
the  ability  for  elastic  stretching  and  the  elastio  stretching  itself  are 
decreased  (see  Heyn  1931)*  The  cell  stretching  which  normally  renders  tho 
walls  longer  and  thinner,  praotloally  does  not  set  in,  due  to  tho  strongly 
reduced  amount  of  aotive  growth  substance,  a  condition  brought  about  by 
the  ethylene.  The  cells  remain  short  and  thick;  the  position  is  stabilised 
and  s  subsequent  supply  of  growth  substance  does  not  bring  about  much 
change  in  these  oellc.  nevertheless  I  was  able  to  deteot  a  tendeaoy  toward 
equalisation*  Tho  transitory  enhancing  of foot  of  ethylene  on  the  ability 
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to  react  to  growth  substance  (point  5)  shows  that  the  reduced  colls  rc-ct 
to  tiio  administration  of  artificial  growth  substance  with  an  exaggerated 
cell  elongation. 

This  reaction  may  be  interpreted  as  an  attempt  to  bring  about  normal 
conditions  again. 

Thus  in  the  case  of  Avena  the  damages  brought  about  by  ethylene  gas 
may  be  attributed  to  an  inhibition  of  growth-hormone  formation. 

Ethylene  s.trongly  restricts  the  effect  of  growth  hormone.  Under  these 
very  strongly  altered  conditions  the  plantule  of  Vicia  faba  grows  hori¬ 
zontally  and  no  longer  reacts  to  the  effect  of  gravity  (point  6). 

The  sprout  of  plantules  of  Vicia  faba  is  formed,  in  principle:?, 
dorsiventrally,  but  it  behaves  ortho tropical ( Benecke-Jost,  Pfl.  P'cvs. 
(Plant  Physiology),  4th  Edition,  1923.  Vol  2,  p  284).  The  dorsiventrality 
bondings  are  completely  eliminated  by  the  strongly  negative  geotropism. 
Because  of  the  influence  of  gas  the  geotropic  sensitivity  (point  ?)  dis¬ 
appears  simultaneously  with  the  greater  part  of  the  aotlve  growth  substance. 
Without  a  large  amount  of  growth  substance  no  geotropism  is  possible  here. 
.Now  the  dorsiventrality  which  up  to  then  wss  suppressed,  manifests  itself, 
and  the  horizontal  nutation  sets  in,  Ths  remaining  growth  hormone  is  uni¬ 
laterally  distributed  in  the  horizontal  sprouts  (point  6),  and  the  dorsal 
side  receives  most  of  it. 

This  state  may  be  best  interpreted  by  the  following  picture:  At 
high  water  a  river  bod  is  completely  filled  up;  we  see  a  uniform,  even 
voter  surface.  Nevertheless  there  Is  a  sand  bank  on  the  bottom.  When  the 
water  in  the  river  bed  is  considerably  reduced,  the  water  will  flow  only 
on  one  side  of  tho  river  bed.;  the  sand  bank  will  remain  dry.  It  is  the  same 
way  in  the  case  of  the  horizontal  nutation  of  our  plantulos.  The  one-sided 
growth-substance  flow  sets  in  only  when  the  main  current  is  dammed  up  on 
account  of  the  influence  of  the  gas. 

Thus  we  may  consider  the  horizontal  nutation  —  in  agreement  with 
tho  older  views  of  Wi*«n«r  — -  a*  #n  autonomous  epi nasty  which  is  a  priori 
determined  by  an  inherent  dorsiventrality  (see,  among  others,  Rawitscher 
1925,  1932).  ' 

Von  Guttanbo.'g  (in  Fortschr,  d,  Bot.  1932)  and  his  students 
Penning  8  and  Frey  tag  ( 1931^"V-'vc~thc  following  *ocplanation  for  tho  so-called 
autonomous  or  inherent  epinasty  of  dorslventral  plant  parts.  After  discus¬ 
sing  the  work  of  Miss  Uyldert,  he  says  (quoted  from  p  241): 

"The  explanation  seems  to  li6  in  the  fact  that  the  dorsiventrality 
of  these  organs  is  not  only  external  but  also  Internal  (plasmatic),  since 
on  its  part  one  of  the  dorsal  sides  allows  the  passage  of  growth  substance 
exclusively  or  predominantly .  The  epinasty  must  then  always  occur  when 
t-cro  is  an  absence  of  induced  polarity,  which  is  produced  e.g.  by  gravity 
‘  ijht.  and  it  is  eliminated  the  moment  when  polarization  is  produced 
from  the  outside," 


The  behavior  of  the  sprouts  of  Vicia  faba  under  the  influence 
of  ethplene  fits  very  wall  Into  this  scheme.  3y  means  of  ethylene  it  is 
possible  to  investigate  the  autonomous,  inherent  epin&sty  which  otherwise 
is  hide  on. 

In  Viola  the  vary  small  amount  (0.0005$)  of  ethylene  eliminates 
the  effectiveness  of  the  growth  substance  almost  completely;  the  growth 
substance  is  present  only  in  traces;  the  possibility  that  the  ethylone  might 
decompose  the  growth  substance  in  a  purely  chemical  manner  comes  to  mind, 
but  this  is  nonsensical  from  the  chemical  point  of  view.  Nevertheless 
I  passed  ethylene  through  one  half  of  an  auxin  solution  for  three  hours; 
the  other  half  remained  untreated  for  control  purposes.  The  result  was: 

Ethylene  platelets  8.7  +  0.4  19  plants; 

Controls  9«1  £  0.6  18  plants. 

Hence  a  direct  influence  of  ethylene  on  auxin  was  not  detectable. 

This  wac  tc  be  expected  after  the  experiments  in  section  11:  there,  too, 
the  gas  doss  not  cause  any  damage  to  the  auxin  in  the  block. 


Is  it  possible  to  make  a  uniform  representation  of  the  e.  t  of 
ethylene  on  plants?  The  effect  on  the  longitudinal  growth  is  to  be  ascribed 
in  any  event  to  the  effect  on  the  yield  of  active  growth  substance.  Further, 
on  the  basis  of  my  findings  even  the  marked  horizontal  growth  becomes 
understandable.  However  it  was  mentioned  in  the  Introduction  that  thero 
exist  other,  as  .  et  uninvestigated  gas  effects.  Nevertheless  I  can  say  a 
little  core  about  this  than  was  possible  in  the  Introduction. 


The  epinasty  of  grown  leaves  ir.  ethylene  (Crocker,  limmerman  and 
Hitchcock  1S32)  is  to  be  ascribed  to  the  same  causes  as  the  horizontal 
nutation;  the  latter,  in  fact,  is  based  on  an  epinasty.  It  was  shown  already 
by  Sohvarz  (1927)  that  here  we  were  dealing  with  an  inaroaaed  growth  of 
the  upper  side  of  the  leaf  stalk,  and  Crocker  et  al  confirmed  this.  The 
•ocporlences  acquired  with  plantuies  have  shown  me  that  there  the  gas  damages 
are  the  oonaequenoe  of  a  laok  of  growth  aubstanos.  If  it  shculd  turn  out 
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likewise  determined  by  a  lack  of  growth  substance  —  and  as  long  as  no 
inhibitory  substance  has  been  detected,  I  consider  this  very  probable  — 
then  here  a  stronger  growth  should  occur  upon  reduction  of  the  growth- 
substac.ee  reserves;  in  other  words,  under  normal  ciroumstanoes  the  growth- 
substance  keeps  a  tight  rein  on  leaf  epinasty.  Then  there  would  exist  here 
a  similar  situation  as  in  the  axillary  buds  of  Vicia  (Snow,  Thimann  and 
Skoog):  the  growth  substanoe  is  not  only  the  “growth-initiating  stimulus" 
as  has  been  thought  before,  but  this  plant  hormone  often  has  a  regulatory 
function:  it  keeps  the  various  plant-physiological  processes  In  equilibrium. 


Tno  rest  of  the  ethylene  effects  are  more  difficult  to  ir.torpret  with 
our  current  knowledge.  The  shortening  of  the  rest  periods  and  the  accelerated 
fruit  ripening  are  effeots  produced  on  enzymatic  processus  wl„se  growth- 
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In  my  opinion  tho  following  points  aro  of  importance  in  regard  to 
tho  problem  of  tho  formation  of  growth  subsuance  in  the  cells: 

1)  Very  small  amounts  of  ethylene  very  considerably  inhibit,  in 
epicotyls  of  Vicia  faba,  the  yield  of  active  growth  hormone.  Those  strong 
inhibitions  caused  by  traces  of  a  poison  often  take  place  in  connection 
v.it)i  enzymatic  processes.  I  mention,  e.g.,  the  complete  inhibition  of 

ir.Q  effect  of  respiratoiy  enzymes  by  traces  of  HOC,  HoS,  CO  and  other,  so- 
called  specific  inhibitory  substances  (Warburg  1921,  1925).  Since  the 
property  of  ethyleno  absorption  is  also  known  (Kord  and  Franke  192?), 
perhaps  we  should  undertake  a  comparison  of  inhibitions  produced  in  this 
way  and  the  effects  on  growth-hormone  production  described  in  this  work. 

2)  Bonner  (1933)  showed  that  these  Warburg  inhibitions  take  place 
also  in  coleoptiio  cylinders  which  elongate  under  the  influence  of  growth 
substance.  According  to  his  data,  the  effect  of  the  growth  substance  on 
growth  is  determined,  among  other  things,  by  an  increase  in  respiration, 

3)  Very  small  amounts  of  ethyleno  aot,  apart  from  the  yield  of 
growth  substance,  also  very  strongly  on  the  ripening  of  fruit  and  the  length 
of  rest  periods;  both  aro  enzymatic  processes.  The  same  holds  true  for  the 
fermentation  of  tobacco  leaves,  which  likewise  is  accelerated  by  ethylene 
(Rossi  1933)- 

4)  Ethyleno  fonts  complex  compounds  with  inorganic  catalysts,  namely 
some  heavy  metals. 

In  my  opinion  all  these  points  indicate  the  fact  that  the  formation 
of  growth  substance  in  the  cells  is  based  on  an  enzymatic  process. 

SK-IIARI 

A  review  of  the  factual  natter  established  in  this  work  may  be  found 
on  p  29,  From  tils  we  can  conclude  that  in  the  case  of  Avena  the  effect 
of  ethylene  hits  particularly'  the  growth-substance  production,  and  hence 
the  longitudinal  growth. 

"he  horizontal  nutation  in  Vicia  faba  is  caused  by  an  autonomous 
epinasty  which  is  manifested  only  when  the  geotropic  sensitivity  is  weakened, 
due  to  the  effect  of  tho  gas.  A  similar  phenomenon  takes  place,  perhaps, 
in  the  opln&sty  of  grown  leaves. 

Tho  hypothesis  is  expressed  that  the  formation  of  growth,  substance 
Is  based  on  an  enzymatic  process. 

1  c  ruiot  end  this  paper  without  expressing  my  most  heartfelt  thanks 
to  ny  highly  esteemed  teacher.  Prof  Dr  F.A.J-'.C.  Went,  for  his  outstanding 
guidance  in  this  study. 
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